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AUIITIONALSJ3LPJ7/LOAGRATIO CORRELATIONSFCR OIRECTCAIN E!JJILOINGS

William O. Wray
Los Alamos Scientific Laboratory

P.O. bX 1663, MS/571
Los Alamos, NM 87545

ABSTRACT.—

Solar/lOdd ratio (SLR) correlations have
been developed for two new reference direct
gain designs. The new ref rencc! desiws are

ficlsntical to the orlglnals except that
the glazing air gap has been increased from
1/4 in. to 1/2 in. md e vector average of
the local hourly wlndspeed was used in the
thermal netw?rk calculations rather than an
assumed average value of 15 m.p.h. Path of
these rrodlfications are realistic and
erhance the predicted performance of direct
gain buildings.

A cmnprehen$lve set ~f mass sensitivity
calculations ha~ been performd jn order to
provide information needed to select an
appropriate set of parameters for new
“llghtwf!lght” direct gain designs for which
additional SLR correlations w1ll be
developed. Representative results are
reported her?ln.

1. INTR~TION

Correlations between solar savings fraction
end sola[/laad ratio for direct Zain and
thernml storage wnll bulldlngs have been
reported jn Volume 11
Solar oeslm Hen~mk, Jf $: ~::::v’

~rect g~ln d~slgns chosen for study tit that
time were %el~ctod mI the basis of
cmoatlblllty with previously canpleted
studies m therrml storagu walls. Sinc~
ranpletlm of the lnltlal direct gain
correlations, a great cbal of W(ba
beerl received frum other researchers

~ has

involved in ccnnputer simulation of passive
solar syctems md from the archlSect/
bl)llder ccmnmlty in gemral. @r own
rmebrch, in edditlon to this feedba~~ has
lndlcnted t$a desirtilllty of developing
x)dltimel solar/load ratio corrwlatlons for
dllect gain bulldln s based an the following
cnnslderntlons: (1Y the orlglnal
rorrelmtlons erc umeceasarlly conservative
IWCIWJT?the glazing nir gap WJS set ht 1/4
in. (m !rldustry stmdurd) md the ulndspeed
wes held colstant at 15 m.p.h. (an ASt-RPE
stmtinrd)m Unlikn therrnn, storage well

systems, direct gain buildings are quite
sensitive to these two parameters as shown
in Fig. 1; (2) the original correlation is
based on a very msssive structure. In order
to rretch the atmtint of thermsl storage rmss
in the 18-in.-thick reference design Tronbe
wall, the reference direct gain design was
allowed a 6-in.-thlck layer of therml
storage rmss spread over an area three tires
greater thm the solar collector area. In
fact, tinny viable direct gain desicJIs are
much less rmssive.

Therefore, solar/load ratio correlations
have been cbvelcped for two new reference
direct gain des!.~s. The new desires are
identical to tho orlainals exce~t that the
two conservative! fea~ures have been
eliminated. The glazing alr gap was
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increased to 1/2 in. and a vector average of
the local hourly windspeed was used in the
thermal network calculaticm. Both of these
modlficatlms decrease the effective
ccntictance crf the solar aperture, thereby
redclng heat losses and improving

performance.

A secmd set of new reference desi~s, which
includes the above modifications in addition
to a significant retictlon in the amcmt of
thermal storage mass, 1s plamed for the
near future. In order to aid in selection
of appropriate thermal storage mass para-
meters for the lightweight designs, an ex-
tensive set of sensitivity calculations hqs
been performed, and representative results
are reported in %ctlon 3of this paper.

2’. SOLPWLOAO RATIO CORRELATIONS FCR THE
REVISLO Dm 12QTN DtbIti SN

The characteristics of the new reference
d!rect gain ckslgns are:
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Therm] Storage Capacity = 4S Btu/F ft2
of glazing.

Other therrml mass of buildlng is
negligible.

I%uble glazlng, with norrml transmittance
= .747, spacing = 1/2 in,

Room temperature control rrnge u 65 F to
75 F,

Night insulation (wherl used) 1s R9.
In place 5:~ p,m. to 7:09 a.m.

Therrml rmss-to-r m air Conchctance =
Y’1.0 Rtu/F hr ft .

Masonry properties:
k . l,OBtu/ft hr F (thermal

i
Ccntictlv ty)

)7 = 150 ]b/ft (Clensl[y)
c , 0,2Btu/lh F (speclflc heat)

Infrared emlttance of mass surface . 0,9,
No Internal hat ~neratlcn (from

appllence5, etc.).
wss IS 6-in. thick rmscmry.
Mss area 1s 3 times glazlng 9rc(l.
Trmsmitted solar radiation is miformly

dlstrlhuted on mass.
NcO-nrms absorption frartion ❑ 0.2 for

lnltlnl)y lnclrknt solnr rndlatlon and
each 9Jhsequent reflecticl (heats alr
directly).

Vector nvmage of hmrly wirldspcc,rl used
h] thermal network calculations.

W?nthr?r datn hnsr 1s SOLK1’ TMY for t?n
IS cltle9,

The new SLR corrrlntlms are pre~er’.ed in
F!gs, 7 smd 3 for conflguratlms with nn
night lnsulntlcm frnd R’? nl~t lnsulatlon,
reswctlv?ly. The rrmthly solar stqvln~.q
fractlm (SSF) 1s plotted as a fmctml of
5/tJb, where S 1s the trnnsmltt~d solnr
rarlintlchI per squnre f~t of CO1lectlor, rireo
pfrr rrnnt,h (Flt(l/nmnth ft ) nnd [1) IS thti
mlthl hentlng rkgree chys,

r
The lend

rnllpcor rntln (1.~), tiich n~enrs n9 n
pnrnmt~r mllr~th plutq, !s ~lmply tlm

building load coefficient (BLc) divided by
the solar collection area. The building
load coefficient 1s the additional energy,
in Btu/day, required to increase the
bJildlng temratLIre one additional ckgree
F, assurnlng no heat is lost or gained
ttm@ the solar collection urea The
forrmt of the plots appearing in Figs. 2 and
3 was first used in the final version of the
Passive %lar lk.i~ Hancbook.4 we find

is presentation convenient a~d urrdersLand-
able because the inc@enc!ent variable (S/00)
depends primrlly on local weather
conditions , while the pararreter (LCY?) is
strictly a prope:ty of the building. Thus,
the effect of weather conditions and
building characteristics on system
performance, as represer,ted by the solar
savings fraction, are clearly separated.

The solar load ratio correlations for SSF as
a functlcm of SLR are represented as follows:

SSF.i-Kl-
1

F(X) ,

where F(X) ❑ AX, for X~R

F(X) ❑ B - c exp (-Dx), for X > R

F(X) < 1.C03 for very large X, and

1)

2)

K=l+G/LIR (3)

x ❑ S/00)/(LCR , K) ❑ SLR (4)

The relationship between the solar load
ratio and the variables used in Fig<, 2 and
3, S/DDandLUl. iS ckflned in Eq. (4).
Valutrs of the constants for the original
direct grin ck?si~s (OG and Kt41) and the
revised direct gain desl~s (DcH and ~IR)
are given in Table 1.

lAML 1

G711rl.llm Crm510nt for ~rrererrr——lrrcl Cain k~e
5&mti _-R A g ~ (J9 .

LT 10,A 0,9 u,~?l l,OIJ IIcmd 0.6YJ ,CM
&,ul 7,4 9,7 0, 347 0,VR7 ],]KI 0,910 ,03!

mw fl, hh 9,7 (),*)1 1.C07 1,141 0,81> .Wi!l
rzNIn :,r) ol~ o,\lfi u ,06,, 1,25? 0.?79 ,LI!4

The revised direct gain perfrN~llCU curves
in Flq. 1 lndicato that pxltive solar
savl~gs t’ractiuns can be achieved tiring R

lv?n rror,th at any Jocatlon wlLhcut nlmt
insulation *w) S/DD is greater than abwt
17 for lotid collec+.or ratios rester thm
20. !The orlglnal rbsi~ requ red an S/bU
Ureater tl”rrl 71 for load collactrrr ratius
greeter thtm 25 lr~ order to yield kmsitlva
MFs , Thus, tile nurc I’eulistic revised
direct gain [hsi~ yields sl~iflcnnt
lncrense~ in predicted Perfcrrnsnce. The
lncrenses are nvr~ pro4umced at Mr411 luacl
colloctor rolius bet!ausa mrformme is fmre
sensltivp to tlw (bcrnuso 111thr efrective
coll(ilctnncm t t’ lIIP w)lnr aLWrt~lre wimi~ that
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aperture 1s l~rge relative to the building 1s rmrm km’nly felt in cold Illt#l W

llnrl C.mfflclentt Slmllorly, performance locr4tlons thwl in wmmr low W Iocetionsi
1ncrease9 nre nllghtly nmre prrmowmed in ktwn R9 Pt@\t insulation 1s enydoyed W] Ll]c

hnrsh cl!rfate9 *ere mrnthly values of S/’11 revined direct ~lr) deslul, however, tile
nre genernlly stnnll. The cfinncemmt ocrur~ chnge in predicted pnrpmrmncc coqwrro(! L)
[I? hnrsh cllfmtes bec8u9P thn efrpct Or the orlgbml night Insllllltud m~lii?t 1~ .w~l’
v~rlntlrms in ~ffectlv~ np~rt.(ire crxlrimialwc ll?so CIrnrmtlc. Ill fact, Pxlx?pt at Vcl’y llrw



values of LIR and S/D@, the differences are
insi~if icant, This result was expected
because the presence of R9 night insulation
for fourteen hours during the coldest p~rt

of each &y rmsks the relatively srell
effects d,e to va:ylng the air gap and the
windspeeti.

3, SENSITIVITY OF PERFCRMAWE TO VARIATIONS
KUWtHICitP4E5S mm smFm AREA OF

=–S7CH?AGE MASS

The solar s,~vings fractim is plotted as a
fmctlon of thertml storage mass thickness
for three c;tles, Santa Maria, Albuquerque,
and kkdlson, and for two ccnfi~rations,
with no night lnsulatim md with R9 night
insulation, in Figs. 4 thrw@ 9. The three
cities selected are considered representa-
tive of ‘ocatlons exhibiting mild, rroderate,
and severe wlnt.er clirrmtes, respectively.
The load col~ector ratio was held constant
at 12 except in Santa Wria, where a value
of 2.4 was ju3ged more realistic. Four mass
surface -to-g lazin

‘?
surface area ratios

(~/Ag = 2,3,~,10 are included al each
gram and the reference designs (thickness =
6 in., ~/Ag = 3) are indicated by solld
points,

It is dlfflcult to generalize M the basis
of so large ~ quantity of data as included
in Flgs. 4 t,lragh 9, but, after careful
inspection, sore si~ificant patterns do
emerge.

o

0

(1

Performance variations for imss thick-
nesses between fI in. a;ld F! iII. are small,
An earner study5 showed that nmxlmum
solar sevlngs frectlcms are achieved at a
thickness of abcut F! in, The present
study lndlcates that the thickness ray be
reduced to b in. without incurring siFl-
flcant p~rfr)rmance penalties. lhis gen-
eralization 1s inrkspenrknt uf luc~tlon,
Conflguratian, and mass surface area,

rhe range of mass thicknesses between 2
In, and h ln, cm he considered a trmsl-
tion regloni In chls reglcn, performmcc
penal tle~ for reduced thicknesses are
lm-mmln~ si~ificant, but nmy be consid-
ered ameptahle as cbs~~ cost trade-offs,

For mnss thlckneqses below i! in,,
per fornmnce falls off nuch nmre rapidly
than (n the transition region, Mder
rrost cnndltirrrs lt 1s fmt advisable to
employ m(lss thicknesses of Iew kl~an ?
in,, pnrtlcularly if tne 1s striving for
8 h!~ sol~r 9nv!ng~ fractlcm,

[t, ~u1d hm n ~g~~ke to g~ql,~ tlla( ,gl]

I),)!nts cn ths s~nsltlvlty curve: represent
IK91WS that cm be a~leved in practice.
in particular, the hlpl Am/

?
ratlo9 tmy

nnt he chtninnhlr If the la lng aree is
!(Il)ite lar~ or, uqulvalen ly, i: the 10R~i

cnll~rlor rnt[o 1s smnll, ns it tq lrl tllr,s~
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fl~res. There my simply not be enmm
surface available m #_Iich to place the
mss. This problem is aggr~vated by the fact
that only mss that is located in builcing
zones that experience direct solar gains can
be credited to the system. Thus, surfaces in
northern zones are unavailable to the system
mless illuminated, for example, by
clgres~ry Winfiwg.

4. CIIF42LL151014S.,— —

The performance of direct gain buildings
shows siqificant sensitivity to glazing air
gap and wind velocity. For this reason, new
soler/load ratio correlations hnve been
dsveloped and presented. The new
correlations employ an air gap of 1/2 in.
rather thm the original 1/4 in. and use a
vectm average of t5e actual wlndspeed rather

thm m assured constant value of 15 m.p.h.
Bothof these changes yield small, but

si~lricmt, increases in performncec

P comprehensive set of mass sensitivity cal-

culations has been presented in graphical
form. The results indicate that, generally,
thermal storage tress in direct gain buildings
should be nt least 2 in, thic% lfme is
desir@ng ?CJr hi@ solar sevings and not mre
than6 in. thick lf one is concerned ahout
cost effectiveness, t@w SLR correlations fo?
2-in.-thick mass configmatims are planned
for the future. The new correlations,
together )’lth the mes presented in this
paper, wi’1 bumd the ronge of recornmxkd
mass thicknesses for direct gain buildings.
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